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Ihis Eirst issue of Voiunus 7 contains tan papers i\.iaLed lo eleven 
articles all having sorna ernphasis on instruction. One paptir con'blnos 
two articlaSj one by M^y^field and thu other by Martin, because Martinis 
article involved a criticai review of Mayfield'i rescarcru Science content 
and tha^^^educational Level ot the students involved varies with the article 
being considered, Abrahazi looked at tlie relat ioni^hip of high school 
chemistry instruction and divergent thinking. Lawrenz described the use 
of the Learning Environment inventory for gaming inforniation aboi:c atudent 
perceptions of their ciassrooni anvirorjaent . Eccles and Deleeuw looked at 
student information processing behaviors , The Mayfield and Martin articles 
are concerned with small group interaction in a problem solvdng . situation 
while Shymansky looked at teacher^student interaction in activity-based 
science lessor''^ Three articles have a GOmnion focus on the pace of 
instruction: Arlin and WeL'tbury,^ who looked at the influence of teacher 
control of the pace of instruction on learning rates; Cbmbs, who studied 
teacher pricing vs. self pacing in physical chemistry; and Lloyds who * 
e:<amined the use of worksheets in seii paced and group paced settings.. 
Spears and Zollman compared the use of structured vs, unstructured laboratories 
in introductory college physics. Sunal reported on the use of the school 
planetarium in education* 

This issue also contains a response to an article critiqued in a previous 

issue of ISE, The critique appeared in Volume 5, issue 4, 

Patricia Blosser 
Editor 

. Victor J. "Mayer 

Associate Editor 

idi • 
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During ^^1^:^:%^ In n: L r i , u rti:i : f . :-U- .-^ v . ^r^-y._ J jj,,^ .I'l 
ins, UC^: n'-^n?, March. I-/7n7 ; ■ 

ReAOArch: ••Orou ;^ l i: T !hir> l i i^^na I riirpoHwrf): I risL ru;/ L Lr n 
Science Education; Sccond^vy luiucack-n; -riecoauary Sciv--^! 
Science; ^Verbal CorniiUinicat ion 

Expanded abscraCw and Anily^is prepar^^J especially far I,S,E. by 
Patricia H/ Suter, Del Mar College, 



The purpose of rhia ^e search was chreef old . Firsc, examinanion 
was made of che process of diveryenc thinking. Second, this researcli 
concentrated exclusivelv on the social behavior of cha study group. 
And third, research concentrated on the intellectual activity of 
students in different social contexts. 

Rationale 

The assumptions underlying this work included the following i 

—Students diffar in divergent thinking potential. 

—Grouping of students according to their scores on dlverient 
thinking potential scores would have a significant effect on 
their ability to approach a sciantific problen creatively. 

—The verbal interaction (the amount and kind of verbal behavior 
of individuals) would differ when students were grouped homo-- 
genously or heterogeneously according to their scores on 
""divergent thinking potential.*' 

Resenr ch Defil gn and Proc_e_fii-jre_B • ^ ' - 

One, hundred six students from eight chemistry classos, involving 
four teachers, were* the subjects of the study. The schools were 
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similar, beiiu; urban dchojlri wlLh p ro Jon:i:uin; I y Lc J 1 . i^r^ -^LiKU.ni> 
and good ao/iJt-iLC r^put.iu icnn . All i^Ludi:=nc^ iuid ■■a.-IIc^: o:u-:'; l s r ry 
for chree-^fou rc of iho ^ohooL yoar and nono rind rirudlvd il\o :opL^ 
which wns th.:^ subjocc of ch^ Inquiry, Si^ :it filris w-re u-cd t;.-' 
preseHu ihe problon: to ba studied. 

The studoncs Wtire classified t ,i die basis divorgunt Lhlnklny 
potential into ai;;h, -odlun, and low yotontial. The studonta wert: 
cold that they were In an experiment to see how they vent about 
aoiving ricit^noL: pLijj^^w.s, L.i^y wur^ l.i^m. eiv^w^u laLv ^ . 

shown a. ftt^;^ a^.d a^ked to disouss, as a ar^aip, two queacions: 

1) As a group, list and discuss as nany different explanations 
t as vou can for what vou saw happenlne in the rno%^ie. 

2) Choose one or more explanations and verbally describe what 
you would do in the laborat ■ in order to either test the 
explanation or get more data. 

Both homogeneous and heterogeneous grouping was used and students 
were placed in both kinds of groups at different times. Six types of 
verbal interactions were corralated with eleven types of statements 
which served as the variables in this' study, 

F-lnd tngs 

Major findings reported are smninarlzed below: 

* 

^^Average number of statements made in each group was about 100. 

—Cognitive-memory statements mrfde up about three-- fourths of the 
overall average, ^ ^ 

—Divergent thinking potential accounted for about 10 percent of 
average number of statements. This was nearly the same percent 
age as cogniti^ thinking statements. 

—In hecorogoneous\roupSj students with high divergent thinking 
potential genera I L/^nroduce rrore interactions than students 



' with mediun; roiontial. Inter act ions in \:o-:o ^c:\^20iiA ^roupri 
are fewer, but differc^ncti is snail. 

"In hon>jccneous irroups this trwnd Is not followed. 

"Students with -iddiurn diversdnt potential s^iemed to ^how niorci 
interactions in honKigtineous groups. 

-^--Result& lead to the conclusion that grouping students honx?- 
ganeously wiL:i respect to divergent thinking potential is 
useful in ancouraging certain types of verbal interaction 

Ijvterpre tat ions 

The author emphasises the importance of divergent thinking to 
sciantlfic Inquiry, especially because development of this approach 
is virtu-ail y ignored in today's schools. He also points out that 
divergent thinking is strongly related to creativity, transfer of 
learning, and problen solving, 

ABSTRACTOR'S ANALYSIS 

This article is an account of a study to re^te ^students ' scores 
on a divergent thinking potential scal^ with their' verbal interactions 
in an inquiry or problem-solving situation. The study involved 106 
students who actively participated in the project in that their 
responses to selected problems were observed and measured, 'This could 
Be described as action research taking place within an existing school 
setting with the researcher controlling the problem selection and the 
classification of the students into groups of varying divergent think- 
ing potential on the basis of prior tests and also controlling the 
categorizing of the responses of the students into some 11 verbal 
'interaction areas. The student responses were balanced against six 
hypo theses '^ind cor reLit ions tabulatod. 



The researcher found that stuconcri who scorod .'U re-s::^ 

divergent thinking abiliuv v;entiraUy produce :;:orj verba L ^ i nuuM J l Lo :v- 
than scudtsnts with :-odlun divergenc thinking potent Lil Lhan sLudenL^ 
with low divergent thinkin.: ;:etentinl in hL: LeroKw^neouH ^r.xip>, !.n 
homogeneous grota^ps this expected trend is not followed. In t letter 
groups he seen^s to have found that these groups are advantageous for 
studenEa with nediurn divergent thinking r^tential. The differences 
for the students with high diver/. nL thinking pocential are v^ a^v sniall , 
which leads the researcner no conclude that ''grouping students hoino- 
:.'ene?n^l'- -''t'^ r^— '-.■.^^ i -.-.i^r-f; rh'nV^. na ^^--^ t ^'^r t a- 1 a;^^-a^al 

encouraging certain typas of valuable verbal interaction inciuding 
divergent thinking. " 

The study seenis to be one which involved a good deal of work on 
the part, of the researchar, both in grouping the studenta with regard 
to divergent thinking potential and characterizing the extonsivc verbal 
interaction the groups had following th^ presentations of the problems 
the students were asked to consider. The researcher states that the 
study derives its importance from the fact chat: (1, divergent 
thinking is virtually ignored in favor of verbal comprehension in 
today's schools, (2) divergent thinking is strongly related ^ creativ- 
ity and transfer of learning which are of general interest, and (3) 
divargent thinking is strongly related to inquiry and problem solving 
which have become both established ins truct iVnal strategies and desired 
educational objectives for the teaching of science In the element^ary 
and secondary schools^ ^' *^ 

The researcher gives several references in his bibliogfaphy which 
detail his rncthods of grouping the students in the project into three 
groups (high J medium, low) on the basis of divergent thinking potential. 
Some of these are not readily available and* are thereto re^ no t very use- 
ful (i.e.j most universities do not have copies of doctoral disserta- 
tions unless they are the parent institution) . 

It has been Inpossible to date for this abstractor to obtain copies 
of the following referenqes from four collt:gos and universities |n this' 



area a^^ woLL as trie puhlLC schcolsi Aschnor, M, J,, u:- 1 1 a .:iK. r , J. J,, 

Perry, J, M, , Afsar, S. S., Jenne, W., and Farr, H, A Svst^ry for 

Classj.fyina Thou^: u P r ocusa d ^jn the CcmCt?xt- of Claajr oo ni rb aj._ I atex ^ 

action. Inscicute for Research on Excoptional Childrea, :■^•hrlul^y L^^do, 

University of Illinois, Cooperative Research Projecc No. JbS, U.S. Office 

of Education Dapartmant of Housing and Economic Welfare; Torrance, E. P. 

Torrance Tests of CrBativ^ Thi "king : Direct ions Manua l and Scori ng 

Oulda* Verbal Test Booklet A. Princecon, X,J,: Ginn and Co., 1 . d6^ 
■ — — = — = ~ — ^ — 

(a,); Torrance, E. P. Torrance Test s o f Creative Thinking: Norns - 
'r'e:^' ■ i.^ a^ ; ^ L - r r ' aac Lc a - X . J . : Clan and Ca . ^ 1 0 £ f ' h) . 

It would have been productive if cha author had included a brief 
suminarv of the tests he used for his class i f icat ib'n. 
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on Sc:on.^o ConCenr ! '.1=5 ry . ' ' Journ.i! -!t' s.-.!r ;-i in S ..- U' ■^_ _: ^^ . 
' .3(31: :ii=:i^, 1976. " 

*Pac inw: ; ' -"f? r^^^ ^.^ ranru^a r n^: nu' r ion; S^.^ i eiiuL- ;u:iu^ it uui; ^ , 
Education; -Secondary rfohooL Soi^aisio; Tua^^hiiv; Morli'^i;-; 

Expanded Abs trace and Analysis Preparod l-apLiCialLy for I.S.il* 
Elizabeth Kt^an, Univcrs Ley of Wrsconrf ia^Maa Ison* 



?ii rpo 3 e 

This study oxplorod cho cx^ .nt to whioh Loachcrs- control of iho^' 
pace of inf^:ruocion influGnced learning rates ninon^ high sclioo] scuuenLr^. 
The auciiors inves t i i;a Ct^d a pr^^osed levallng effect on learninc rarori 
Drought about by teachers^ pacing decisions, such a levaiing cLioi,: 
being demonstrated by abler students learning more efficLcntly v/Ucn 
freed from teachers^ control of the quantity of maE^rial to be learned, 
and the time allotted for learning. Thus, the study compared learning 
rates and learning rate variance under teacher=pacad classroom instruc- 
tion and under self-spaced ^ individualized instruction. 

The follow in g s p e c i f i c h y p o t h e s e s we r e p r o po s e d : 

/ 1* Rate variance 'would be significantly lower, under teacher-paced 

ins cruet ional management than unde r ^sel £"paced instructional 
management. " ^ ' * 

2, The Wtal group learning rate would be significantly lower 

IS 

under teacher-paced instructional management. 

3. The leveling effect of teacher-paced instructional management 
would be minimal for slow students and most disadvantageous 
for potentially fast students* 



Rat ional e 

Managerial decisions that teachers make include tlie numbej erf topics 
the class v/rnild "rovur/' selection of learning goals, the pace of instnic 
tion. Who would %et attention, concern, supporc, oncouraRCmen t , etc, from 
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the teacher, when mastery was accomplished and the class couia move 
onto the next topic, etc. Such decisions wefe assumed Co be under 
the ' conscious (o*r unconscious) control of the teacher* 

This study is related to previous work by Dahllof (1971), V/ilcy 
(1973), Anaerson (1973),^ and Barr (1974) amobg o'thers, which had related 
teacher management and deployment-^f -instruction decisions and student 
achievement. Dahllof contended that ceachers seek to impose a uniform, 
minimal level of achievement upon their classes. He has further 
suggested ^at to achieve this level, attention is directed to the less . 
able students ("steering criterion group," somewhere between the 10th 
and 25th percentile on achievement scores) at the expense of the more 
able, student , Lundgren's (1972) study was citad as confirming the exis- 
tence of the ="steering criterion group," The assumption appears to have 
been made that if teachers focus on the needs of low ability students, 
this will "certainly deflect .teachers' attention, instruction, and press 
for achievement" away from more able students. 

Barr's work (1974, 1975) in reading was cited as demonstrating that 
abler students in slot^^„£aced groups achieved signlf iqantly less than 
would be expected of them on th'e''basis of their aptitude, A signifi= 
cantly greater variance in achievement was^Qted in classes where students 
were groupel by ability levels than it^nonability^'gWLuped classes. The 
greaCer variation in achievement in groiiped classes was presumably due to 
the increased advances made by abler students, . , . 

This research was an atten\pt to extend the above work to science 
classes and specifically to look at the effect of teaser pacing. The 
authors as- imed that they could rank order students by abiMty by order- 
ing them accord^^g to learning ,ef ficlency (i,e,, the more able , students 
would learn more rapidly). 



Research Design and Procedures 

The subjects of the study were 68 students - assigned to groups in 
two prwiously reported mastery learning experiments, Studer^s wore not 
randomly assigned, but the groups were similar in race and sex. The 



instructional pat tern ' fQr, one grdup of 31 studencs was described as 
"teacher^paced (traditional)*" These students were high school juniors 
enrolled in a chemistry class in an upper-middle=class suburban school 
district. The secon^d^group of students (37 high school sophomores 
anrolled in a biology class in a nearby, similar community) received 
"self-paced (traditional)" instruction. 

The material studied by students ^onsisted of ' seven chapters o£= 

an artificial J hierarchical pseudo-science in which principles and 

rules govern interrelationships o/ the elements of the, system. No 

- ' f - - - " 

student would have previous knowledge of this pseudo-science, and thus, ^ 

prior knowledge of material would not confound achievement results. 
Description of the material did not indicate whether the material in 
chapters was cumulative. In the self spaced format , students studied 
.seven chapters of programmed material at their own pace. At the end of 
each chapter^ students took a quiz on that chapter* Two teachers moni- 
tored the group, supervised quizzes, and walked about encouraging students 
to stay on the task. 4t was not reported whether teachers answered ques- 
tions or performed any othej typical teacher-type tasks* 

In the teacher-paced treatment, students were taught the same seven 

chapters in a licture-discussibn format. Students were not given any 

# ■ 

wrltben materials but were required to take notes on lectures as their 
source of infprmitlon. When teachers determined that students were 
ready (criteria not given), the quiz was given to the clafs as^ a whole. 
Each chapter and quiz was given during the SO^minute class period of the 
chemistry class. The actual learning time was not reportfd, nor was the 
time interval between learning and testing, or the time interval between 
chapter presentations. No information about specific activities during 
the d^|.scussion periods was provided, 

Epch chapter quiz contained approximately 10 units of information. 
The "learning rate" was defined as the total number of concepts learned 
(answered correctly on the quizzes) per hour. An individual time was 
used for self-paced students; the .teacher-controlled group time for the 
teacher-paced studencs* Odd-even reliability of quizzes (corrected by 
the Spearman-Brown formula) in measuring achievemjnt and, by inference, 
the learning rate was .91. For analysis students within each group 



were divided into thirds (-a high, middle and low group) on the basis of 

their learning rates, • ) , 

/ ^ ■ 

/ 

/ 

« - 
Findings 

. MypotheBis 1: Learning rate variance of the teacher=paced group 
(7.4) was significantly less than ^4m^ of the self spaced group (75, 9), 
p ^ • 01 . 




'Hypothesis 2: Group learning, rate mean for the, ttfacher-paced group 
(19,2 unlts/hr,J was significantly less than that of the self-spaced greup 
mean (25.0)* An independent t-test showed the difference to-be signlfl- 
Qant at the p^.Ol level. The authors stated fiirther that scores on 
science aptitude tests of ganaral science reasoning ability and ability 
to read and comprehend science-ralated materials (previously given to 
these students) showed that the self=paced group had scored lower than ^ 
Che teacher-paced group. . " 

Hypothesis 3: To determine If progress of abler students had been 
retarded, scores of all students were combined, and the sample divided 
into thirds on the basis on learning rates. Of the 20 highest students, 
17 were in the self-paced group, whereas In the bottom third, anly 7 were^ 
of trte ^elf-'paced group. The X" value of 1h,§ was significant beyond the 
.01 level, indicating the maximum detriment to the faster students 

under teacher pacing. There was little effect on the learning rate of 
lower or middle third learning rate students. 



Interpretations "" ' 

The authors mentioned that results should be interpreted with 
caution because of nonrandom assignments, small sampla size, short time 
period (7 days), and .imaginary nature of the subject matter. However, 
despite these caveats, they concluded , that the study offered support for 
the view^ that teacher jpacing. depresses mean achJevement of students and 
narrows achievemenc vaVinnce, and that the decrcdses are at the expense 
of retr'ading progress of the ablest students* rf^ummary,* they state 
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that, this study is an. indicacion of the powerful influence of manage- 
ment factors such as pacing and steering criterion groups on the 
classroom, ^ ^ 

^STRACTOR'S ANALYSIS 

This Is an eKample^of process-pToduct research. Two groups were ~ 
assigned to different treatments^ and the results were measured in terras^ 
of student perforinance on some achievement test. In this research, the 
outcome was '^learning rate^" the number of discrete items answered 
corre^ly by students per hour. The tests apparently were given to ^ 
students immediately following the learning period. If this is true, 
then the tests measured sho^rt-term as opposed to long-term learning. 
Would the results^ have Deen the same if learning had been measured at 
different time intervals? Would the greater time spent on each chapter 
by the teacher-paced' group translate into better retention over a 
longer time? We do rtot know. ^ . 

Another feature of ^ the learning outcome that was not well defined 
was the type of questions ^isied-^jx=ihe_chapt£r_^^ Were the ques- 

tions recognition^ recallj or both, of ttctual information? Were 
students fexpeated to recall or use learned rul%s? Were there any 
questions that Involved higher level skills such as extendini material , - 
to new situations^ problem-solving skills.^ etc.? Agains we do not know. 
The tenor of the article seemed to suggest attention to recognition/ recall 
rather than more difficult or compleK skills. ^ . 

• 

Both the duration of learning and the type of learning desired are 
impdrtant questions for science educators,^ What are the aims of teaching 
science? The management decisions that the authors discuss may be looked 
upon as basically curticulum decisions i what shall we. teach and how ^hall 
we teach it, and to reach what goals and objectives ? Stud^s such ^s the 
one reported here can provide information as to appropriate mtechanisms 
for ach ing specific limited objectives. However, one should be aware 
that the accomplishment of one objective may run counter to others. For 
example^.in this study, short-term mastery of conceptual content would 
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''seem to have been accomplished most efficiently for the most able 
students by self^paced instruction. Yet if a major objective of the 
science class w^r^ to iiicraase studgnts' facility to ask questions or 
to devise and defend a problem-solving strategy, then self-paced 
instruction (individual) mtght be less appropriate, 

I would heartily endorse the cautions of the authors against trans- 
lating the results of this study- (or others like it) to classroom 
prescriptions/' Many questions remain on a philosophical basis (to which 
classroom ^groups should attention be focused?) or a practical basis (how 
are "able" students or students most afficient in learning by themselves 
without teacher intervention to be identified?), rUntil such quescions 
are answered, application of the results bf this study cannot be made 
rationally. ^ , * * 

DaUlof and others have introduced the terms management decisions, 
etc* , as new constructs for us to consider. How do these constructs 
differ from what could be 'called simply curriculum decisions? Are we. 
calling old idfeas by new names? Does this serve any purpose? 

Data Analysis ' . ^ ' . , 

The authors used parametric statistics to analyze data on learning 
rates and learning rate variances. When discussing the mean group learn- 
ing rates of self v,s, teacher=paced classes ^ the authors bring in results^ 
of an undescribed science aptitude test which they claim showed the self- 
paced classes to have "lower attainment of seemingly relevant skills," 
This may indeed be true* However^ in the absence o§ any further Infor- 
mationj it is questionable whether this should have been mentioned in 
*tha "Results"* section. We are unable to judge what the test might or 
might not have measured, , 

Treatment . ' 

If I were asked to replicate this piece of research, I could not do 
so because I would not know exactly what the two treatments were. The 
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authors offer us lal Is—teacher-paced and self^paced insttuction—but 
do not axpose for us the essential characteristics of such instruction. 
As Dubln and Taveggia (1968) tound when they attempced to compare dis-. 
cuselon vs lecture fonnats for college instructions there is no 
consensus as to what exactly constitutes a discussion class, a lecture 
class, etc. We are left with a black box approaohf do -'something'- to 
students, arid see what happens to them. What within the black box causes 
the observed effects is a mystery. 

Consider the complexity of the learning situation. In, their efforts 
to, set up a teacher-paqed vs student=paced\ Instruction, other differences 
occurred. The self=paced group was ?Jorced to^sf in information from a 
written presentation, whU^ the other was required to process aurally 
from a teacher's presentation and to take notes on this material. From 
which type of presentation did the latter students actually learn? In 
the self--paced group, students needed to be active learners and cou^d maki 
decisions about when they wpre ready for the tests, ^In the teacher-paced 
group, how were the students kept on task? l^hat method of presentation 
had the students been eKpobud to in previous science classes? Is a 
novelty effect (in method of, presentation) working to make one typi of 
instruction tsmporarily more , efficient? On what basis did teachers 
decide that students were ready for testing? What was the na'ture of 
social interactions that were operating between students and teachers? 

How was this study related to the study for which data had been 
initially gatherlH? Care should be eKerclsed, when using data collected 
from one study for purposes of another, that biases are not carried over,, 
'For example., could teachers have been slower paced to ensure maximum 
mastery by their students for purposes of the other study?^ 

Which of Jthe abov-e factors worked in favor of efficiency for the % 
teacher-paced group or the self-paced group? Which of the above factors 
were .responsible, for the insults of this study? Which other factors 
could have been involved? We simply do not know, both because, no litfor- 
matloQ' is provided, and because there . appears to be no way of separating 
out the variables that ware operating.* 
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The problem for authors of providing adequate information in 
journal articles is a real one. Editors are clearly saying "keep it 
short." At what point does conciseness conflict with completeness? 
Is the lack of information In this article due to eriforced brevity or 
lack of adequate definition and control of variables? The reader 
cannot .tell. 

If the classrbom situation is not well described ^ the results 
of studies such as this wili always lack generalizability and applic^ 
ability^ However, even when the teaching situation is well described 
tfie causal links between teacher actions and decisions and the charac 
teristics of learning by. students may prove elusive, because of the 
compleKlty of the classrooMsituation, 
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Expanded abstract and analysis prepared especially for I^S^E, by 
J. Dudley Herron, Purdue University, 



Purpose • . ^ 

The author compared th^ effectiveness of two patterns for managing 
instruction In a physical chemistry coMrse, 



No reference is made to previous research and it is not clear that the 
author is aware pf research that might illuminate the arena in which 
the research was conducted. The frame of reference appear^ tb be the 
author's thoughtful consideration of possible consequence^ of varioul . 
classroom procedures. The author makes statements such as; 

"Some students require external stimulation In terms of 




teacher-s^t goals to arouse their interest. 0,ther students 



will rebal at such a regimen,,,*" 

• = 

",.,Is it possible that allowing drop grades is conductive to a 
more lax attitude on the part of some students and actually 
datriniental to proper motivation?" 

If < lectures .were taped, would more students miss class and 
listen to rhe taped lectures, or would they come to class and 
listen more and write less during class?" 

■ , > ■ . ■ ., " ■ 
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Research Design and Procedure - 

On the basis of rhacorical quesLiona ouch as ^those mencionod aboves 
the author compared. the performance of students during the first 
■samester of a two-semester course with the performance of ..the same 
students during th^ second semester of the two-course sequence. . 

The following descriptors were applied to the first and second semester 
courses • 





First Semester 




Second Semester , 




teacher pacing 


a. 


self -pacing (optional) 


b. 


dropping of grades 


b* 


no dropping of grades 


c. 


pop tests 


c. 


no pop tests 


d- 


Infrequent testing 


d. 


frequent testing . 


e « 


no taped lectures * 


e. 


taped lectures 


f , 


complete course outline 
given to students 


f , 


partial outline furnished 
for students to coniplete 



During the first semester ^ four hour-^exams were 'given and one was dropped 
Seven homework sets were assigned and ten pop tests were given. Lectures 
were not taped, no self-pacing was allowedi and complete outlines were 
given to the students. 

During the second semester^ "a. complete objective dutllne of the course 
was given^ but [students] .were required to -prepare a more detailed* study 
outline. Eight tests were scheduled, and an 4afly test on ea^h unit was 
allowed if the homework' problems were first completed,.*.' If an 
early test on a unit was taken* a grade of 90 was required to consider 
the unit complete. If such a grade were not madep another test on that , 
unit would have to be taken at the scheduled time." Lectures were taped 
and taped previews and problem-solving aids were also available* 
Students could prfce themselves but lectures were regularly scheduled' 
and few students missed them. 

There was no research design. An attempt was made to compare the aver- 
age grades obtained each semester, 

s 
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Findings 

The author reports means, standard deviations , and histograms for 

acgres on each exam given during the first and second semester of 

the course* Durlhg the first semester, the mean score on the four 

eKams -ranged from a low of 52 percent to a high of 76 percent and 

there was no evidence of improved level of performance during the 

course of the semester. During the second semester, the mean score 

on the eight exams ranged from a low of 71 percent to a high of 90 

percent and, after the first 'four exams, the author interprets the 

results to show a steady improyement In performance, 

lb ^ 

fnterpre tat tons 

a 

The following quote seems to sunmiarlze the author's evaruatlon of the 
experience. 

"This multlfonnity approach [the author^ s term for the crganiza- 
tlon used during the second semester of the study ] has been 
utilised now for five semesters, and Its^ value is being 
repeatedly revealed. It requires more Indivlduai work than the 
traditional approach and quickly r»oves students from the couroe 
who are not willing to work,. ,,*[CUass attendance is better 
under this system than the traditional method,., [I]t Is impera- 
tive that [students] are taught to use the taped lectures 
properly., *A few students will self-pace one or two of the 
units, however , the students seem to need the lectures and feel 
more comfortable with Instructor^set goals, [F]requent testing 
and no dropping of grades [motivates students to keep up] much 
better [than pop quizzes,],;,. Since every student has different 
weaknesses and strengths, their prepared outlines are much more 
useful to them than a general outline, 

'■This multiformity approach, ,, combines the best aspects of the 
self^paced course designs and the formal lecture course designs 
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to present a comfortable environment for any serious stuSent*' 
(p, 472). 
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ABSTBACipR'S 
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My overall Impression is that a conscientious professo^ of chemistry 
wanted to Improve his course In physical chemistry* He g^ve serious 
thought to the possible reaction of students to various modifications 
that he might make In his course. On the basis ofr that reflection, ^ 
he Instituted various ch^^^s that , appeared to be sensible. In an 
effort to assess the wisdom of his decisions * he observed~es best 
he could in^ a situation that precluded true eKperimentatlon—the 
students' performance before and after the decision to change the 
organization of the course. The professor then made some conjectures — * 
based, no doubt j on informal observations as well %B formal ones— con= 
cernlng the value ^of the course modlf icaclons* 

There is a gnawing temptation to castigate the author of this study 

for numerous violations of standard behavioral research methodology. 

Absolutely no research has been cited ^ In spite of the fact that there 

has been a great deal of research on InstructiortfiT variables such^as 

those manipulated in this study. ^ There was no research design to 

i 

control for the various threats to Internal and external validity ^ofp 
the study, [Although the tests given before and after the modifica- 
tions In course organization provide an aura of a time series^study ^ 
the fact that each observation (test) was different and of unknown 
difficulty makes it Impossible to interpret the study under the - 
time series paradigm, ^ Nor does the author claim that such an inter-- 
pretatlon Is ppssible, ] 

By Mklng several modifications in course structure simultaneously , it 

Is Impossible to know which modification (or combination of modifications) 

had an effects-assuming that it is possible to demonstrat*e. some effect. 



*The SuTmnary of Resea rch in Science Education published by John 
Wiley and Sons as a supplefent to Science Education over the past 
several years provides numerous eKamples of such research. 
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In reporting the* results," the author describes "a comparison of per- 
fooiances (2) by the propagateii errot formula-* as though this is a 
standard technique that will be recogai^ed by any alert reader , 
Apparently it is not. After consulting with several colleagues In 
educational research, in statistics, and in chemistry, I was unable 
to learn wKaC 'tRe authd^^^ done, (The notion of propagation of 

error is a familiar one, but what the author has done is not at all 
clear from the report*) 

All of the above are obvious problems with this- research report. At 
least 'some of the problems, should have been corrected by tTie referee 
who recommended acceptance for publication. Still, there are more 
^Important points to conside'r. ' 

We are In the business of improving science Instruction, Most of us 
believe that Improvement Is most likely to come when we carefulLy . 
scrutinize what we are doing — that we make rational .judgments balsed 
on data,- rather than whim. In other words, we want to be "sclent if ic , " 
for that' reabon we have borrowed research designs and the methods of 
statistical Inference from other fields and applied them to education. 
Unfortunately, these methods presume an ability to tnanlpulate variables, 
and to randomize treatments that often extends beyontf possibility. 
We are often faced with the choice of collactlng data which are sub- 
ject to .reasonable doubt, or making decisions on the basis of no data 
at all. Furthermore, if we share our considered iudgments based on 
limited data and inadequate research design, we expose ourselves to 
"the gnawing temptation Co castigate" rising In the professional ♦souls 
of our colleagues, • . * 

Carver (1978) , In presenting the case against, statistical significance 
' testing, makes some cogent points that seem pertinent In reviewing this 
article, 

. "Sotne i^ecple avoid classroom research, for example, because the 
use of intact groups usually violates fundamental assumptions 
of analyses «f variance- others go ahead and calculate £ values 



^ from these analyses of variance even when they are completely * 
erroneous. It ^^Tould 'hm better to disregard^statistical signi- 
ficance in these sicuacions where the^ classroom is, the unic of 
analysis and^where thefe are too few classrooms to get statis- 
tical significance". (Carver, p. 394). 

While recognizing the very serious limitations of this study and while 
recognizing the many competing hypotheses that might explain the obser 
vattons that are reported, I am not ready to ignore it. The author's 
explanation of the observations is at least as good as any other* The 
tenor of the report suggests that the author was seriously attempting 
to make objective judgments rather than to promote a new, saving 
elixir. 

If somebody can design an experiment to Investigate the eifect of the 
Instructional system introduced in this study, I encourage them .to do 
so. In the meantime , I would have no qualms about encouraging other 
professors of science to develop a course structure similar to the one 
instituted by the author of this ^ study. Neither woi^ld I discourage 
them from attemptijig ^to collect data that might help them decide 
whether the changes are justified, even though the data are not based 
on the ideal of a true expe riTqent^ I could even encourage them to 
share their results, so long as they make no extravagant cla:^^s or 
^xude a confidence unjustified by tenuous data, 
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Purpose . 

This study was designed to identify specific teaching behaviors which 
might be related to differences in pupil achievement. It was specif 1-^ 
caliy limited to analysis of lessons in which the acquisition of new, 
information and the processing of that information takes place. The 
major objectives of the lessons analysed were therefore not on recall 
or consolidatlDn of facts and principles but* Instead, on students' 
acquisition of infomation for the purpose of developing new concepts 
and rules during the lesson periods , 

Ratlojiale^ 

A major proporcion of this article was devoted' to an explanation of the 
contextual. model within>whlch the-study was designed. The model is 
concerned mainly with pupil-subject matter interaction under the direc- 
tion of the teacher* It considers four processes of teachings (1) 
prpvldlng fact/experiences, (2). describing, (3) relating, and (4) 
valuing. 

Providing fact/experiences, may be described as^ those subject matter 
interactions where an opportunity to perceive Instances of concepts 
and relationships or to receive reports of such perceptions is provided/ 
These experiences may be grouped according to the degree with which they 
may be Influenced by tc^acher tnediatlon and range from direct observation 
to verbal directions and digcufsions. Describing refers>to verbalizing 
or otherwise communicating informatiori when doing so does not require 
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cha developmenc of new concepts or an unders crind ing of relationships 
not irmnudinne ly recognized . Relat iii}:; is defined to include such pro- 
css5>?5 ^Kp! ninin;; , do^'inlne:, ibscrnctln^, ^rnc^ rn 1 1 c Ing , and others* 
This prz.C\:^Bin% of the subject matter inforination is done by the 
teacher and pupils when the Dbjectives of instruction specify learning 
of ^ew concepLd and principles. Valuing is defined as arrivinc; at an 
independenc judgment or exhibiting the independent capacity to perceive 
usefulness of concepts and generalisations in new situations. 

There are three main types of school lessons descr-''-ed In this paper' 
(1) recitation lesson, (2) consolidation lesson, anu (3) developmental 
lessons. Of these three types of school lessons the processes pre- 
viously described apply only to the developmental lesson. 



Resaarch Design and Procedures 

For this study 12 teachers taught a davelqpmental lesson on four differ^ 
ent occasions to groups of .10 sixth-grade children. The lessons were 
concerned with 'the concepts and principles of flotation. Transcripts 
of the lessons were organiEed into nine-second intervals and analysed 
according to a system developed by Smith et a^, (1967). In this system 
ventures and moves are analyzedp A venture is defined as a unit of dis- 
course consisting of utterances dealing with a single topic and having 
one overarching objective. Causal, conceptual, particular, and 
procedural ventures were found in^ this series of lessons. A move is 
defined- as the verbal manipulation of the content of instruction. The 
moves have bee^ assigned to levels derived from the general model of 
the teaching process in science arrd social studies. 

Since the Instrument used is one which requires a lengthy training 
parlod to master, all lessons were analyzed by the Investigator, 
Reliability coefficients were calculated on the scorings according to 
procedures described by Myer (1966). These reliability co^ef f iclents 
were all high and could be interpreted as a measure of the coirelat4ori 
between the mean scores for two sets of a randomly-sampled item admin- 
istered at different times to the same s^ple of subjects. 
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The criterion measure for the study was pupil achievement. An overall 
Teacner's Class Mastery Score was calcula l t.-Li loi uacli lu^is^'ii, i.ix^ 
score was definod as Lho proporcion of chose punils not underscandlng 
at the beginning of the lesson who were judged as understanding the 
principle at the end of the ^esson. There were two response papers 
fo^ e.nch child. These were examined by two judees who indepfendent ly 
-decided on the totality of the evidence on the paper if the child did 
or di:' not ^mderstand the principle. 

Find ings 

The data for this study were analyzed according to correlational tech-' 
niquas. Of the 15 correlation coefficients calculated, three were 
significants The analysis revealad a significant correlation between 
the number of hiiher-cognitive level informations-processing moves and 
pupil achievement. A similar related significant result was obtained 
with pupil achievement when the time sn^nt in higher--cognitive level 
inf ormatlan-processing moves was used as the unit of measurement, 
Lastly there was also a significant correlation between the number of 
Information processing moves at Level 8 and pupil achievement. 

Interpretations 

First of all, the authors caution that, although the essence of teach- 
ing is to cause change in pupils, the design of the study did not allow 
them to formulate causal hypotheses. The correlational data do not 
imply cause and effect and in fact the work of teachers varies in a 
large number of dimensions and any change in one must be integrated 
into an overall pattern. The authors still felt, however, that it was 
a disappointment not to be able to demonstrate a positive relationship 
between pupil achievement and direct pupil experience. Thls^is a type 
^#-aec±virty-^o^^dearTb^ many good science teachers. Possible explana- 
tions for the results of this study are the small number of teachers 
involved and the time limit. These may pofislbly affect the relevance 
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of difi rent teaching behaviors. Still the amount of timo givoti to 

left ■ quace time for including di*rcct experit^nce as part of cho 
lesson. 

Lastly Rosenshine and Furst (1971) have stated that, for good teaching 
classroom activitias should be on higher cognitive levels, such as hyp 
theslzingj evaluating, generallEing , synthesizing, comnaring and con-- 
trastlng* This study supports this "should" with a modest bit of 
empirical avidenca, 

ABSTRACTOR'S A^IALYSIS 

This reported study is most worthwhile as part of the initial studies 
necassary for model development in education. A number of educators 
and rasaarchers (Reigeluth^ 1978; Long, Okey and Yeany, 1978' Hymans 
1970; Goldstein and Howe, 1978)^ have previously demonstrated or 
expressed beliefs that teaching can and should be viewed as a relation 
ship among teachers^ pupils, and subject matters. This paper and stud 
provide one model for analyzing a number of hypothesized relationships 
among the variables , However, it is not the only model that may be 
useful and others, such as that proposed by Riegeluth, may also be 
worthwhile* 

Overall, the article Is very well written. The tables that are pre- 
sented are most useful . helping readers Interpret the relevancy of 
the described results. The ranges., means » and standard deviations 
provide the basis for a more In-depth post-^hoc analysis of the study » 

The validity of the study^ls also enhanced by the random assignment 
of students to teachers* Additionally, the unit of analysis being the 
teacher adds to the credence one may put in the results. These- are 
two areas where other 'research studies do not always meet the condi- 
tions of the statistical research model employed* 



The authors 'ht>m^^lves discuss many of the prohlems relatod with chis 
tvre of rc?onT Thov niso adcquatolv explain procedures thcv 

emp loved Co alleviate or mininise many of the problems* First of all, 
one notes that a ^^ingle in js gaCor .iyzed and scored all the Capu^ 
scripcs for the studv, T:ius one does not know for sure the validity 
of * this invesLigator ^ s interpretation of Smithes instruniGnt, This is 
pointed out in the paper, Tnt^ reliabilities reported for systematic 
bias in interpretation do show consistency of scoring. However , this 
does no.t address the validity question. 

The small saLiple size may also cause interpretation problems. Again 
the authors point this out in their discussion. With this nype of 
study, however J a larger sample siza leads to a much larger addi^^ 
clonal Input of time* One must carefully weigh this when designing 
such a research study. Replication of this study by another researcher 
will help alleviate both of these problems. 

One last problem^ not discussed by the authors ^ Is the fact that the 
report does not adequately describe the saorlng of the criterion 
measure. This alone makes replication of the study very difficult. 
Exactly what types of ■^totality of evidence" suggested understanding 
of the principles of buoyancy? If there was a consistent criterion 
used, it should be possible to generally describe this criterion. 

This study adds significantly to the development and understanding, of 
an educational model for analysing science teaching. The fact that 
low cognitive level, direct type experiences had a low or a negative 
correlation with student achievement may be a "disappointment'^ to^ 
many science teachers and science educators* As is often the case when 
a study does not agree with pre-conceived ideals of teaching , one is 
Inclined to criticize the research methodology* Such may be the case 
in this study. However, as pointed out, the authors are aware of many 
of the daficiencles of their study. These are discussed in depth and. 
In my opinion, are adequately taken Into account In the interpretation 
of the data. It was not the purpose of this paper or study to deter= 
mine cause, and effect relationships between teacher behaviors and 



26 



studanc achievement. Instead it was the intent to describe a^elevant 

^^^..^««inc: --ndo] ^nd comnlota nn initial investigation 
within the described model's framGwork, Tho authors are to be C-ommended 
for succeeding in this endeavor. 

From this study and the reported tables one may fomulate many other 
tesearch quescions that may ba investigated. We know that more time 
is necessary when students are working in an inquiry mode that involves 
dlscover\^. Therefore time may be negatively correlated to student 
achievement on a short time basis. What about retention? An achieve^ 
ment test administered three or four weeks after the stwdy may be quite 
informative. Such an achievement test would also hk easy to administer 
We may find that the reported results are quite misleading for long-term 
retention. 

Also, what about transfer? Is there still a high positive correlation 
between high-cognltlve level information processing moves of the teacher 
and student achievement on transfer items? These questions need to be 
researched to further outline the usefulness of the model, 

A model of the type described sho.uld be useful for Identifying, concept 
tuailzlng , and studying the ways in which teachers^ students, and 
subject matters interact. There is research^ evidence that teacher 
types may be identified which are differentially effective with students 
Cunningham (1975) has identified four such teacher types, Ebmeler and 
Good (1979) have also reported a differential effect on achievement 
between teacher types and student types. Thus the model may have to be 
modified to include such interactions. The teacher has attitudes, 
beliefs, and values that influence Instruction, If teachers value 
cartaln methods, they change their teaching styles to accoinmodate these 
methods of instruction. If they do not value certain methods, they may 
use the Instructional method but not in a consistent mann^jr. Similarly, 
students vallie certain ways of learning. Overall means computed in 
research studies may mask many Individual differences in students' ways 
of learning that influence achievemenC ,^ For subject matter vatlables, 
crlcerlon measures need to be conceptualized along continua basic to 
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Che total science curricula. Through analysis of possible intaractions 

oped that considors individual differences of these three categoriGs 
of variables ...^ basic componencs of effective, efficient and appeal- 
. ing schooling. 
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avi^ desiened to measure ■ students 

The Learning Environment Inventory (LEI) wa. designea - 

c P..cns o. Ce.. <--.so„. 1973). Base o. 

the l^p.ion that learning environment re»alne stable throughout t e 
academic year, researchers have considered a single administration of 
the LEIas "reliahle. valid, and sensitive for assassins difEerenc.. 

■i rn 77-) The purpose of this study was to 

amone or within classes (p . / / ; . ine 

l„Le the validity of this , assumption by measuring the IKX scores of 
students from various clasftoo. environments during an academic year. 
Specifically three questions were investigated. 

1. Are class mean scores for the LEI stable over time? 

2. Are individual student scores for the LEI stable over time? 

■ 3 DO individual students who take the LEI n>ore than once have ^ 
different perceptions of the classroom environment than thexr 
classmates who take it only once? (pp ■ 77=8) 



Rationale 

.a an important aspeef ot the learning process, the classroom environment 
-t'be accurately assessed i£ .orthvhlU data are to be discovered. The 

r/h olaL a simple and useful assessment of the classroom envlron- 
„t as orceived b. Students. However, since " '^J" , 

administer the LEI once during the school year, the assumption 

' 29 'i\ 



prevailed that 55tudents- perceptions remain constant. This study sought 



to question the assumption and, thus, strengthen or weaV<on findings and 



Research Design and Procedure 

Specifically the LEI determines, those aspects of classroom atmosphare^ 
pertaining to management and student/teacher interactions. This study 
utilized a ^'modified version of the LEI containing ten scales related 
eo classroom social situations" (p. 78). Each scale involved scoring 
items using numbers one to four which corresponded to the range of the 
continuum from strongly agree to strongly disagree. The scales measured 
each of the following variables. 

1. Diversity^ the extent to which the class provides for a 
diversity of student interests and activities, 

2. Formality r the extent to which behavior within the class 
is guided by formal rules* 

3. Frictions the extent to which conflict exists among the 
students in the class • 

4. Goil Directions the extent .to which the goals of the class 
are recognized by its members* 

5. Favoritismi the extent to which difier«tial treatment of 



generalizations from previous aCudies. 




students exists in the Glassroom. 



6. 



7, 




in class decisions. 



8, 



Cliquenessi 



the extent to which cliques are present in the 



classroom. 



9. 



Satisfactioni the eKtent to which students are satisfied 



' with the class. 



10. Disorganization: the extent to which the class is perceived 
as disorganized (p. 73). 



The subjticts reprasented students from physics (n=7)j chemistry (n-5) , 
biology (n^8)/and nonscience (n^7) classes of western and central New 
York, The resurts were gathered during the 1974^75 school year from 
tests administared during the months of November^ February, and April. 
To obtain valid results the LEI was given to a random^half of each class 
on each test date. Consequently the students who had taken the test 
one, two, and three times comprised the three sample groups. To test 
the null hypotheses for each of the research questions , MANOVA statistics 
were employed, 

Findings 

1, The hypgthesis that class mean scores were stable over time was 
accepted. Further, since no significant Interaction existed, 
type of course and stability were considered independent, There 
were significant differences due to the type of course, which 
the researcher expected* 

2, The hypothesis that individual student scores are stable over 
time was substantiated. Again there was no significant tnter^ 
action between type of course and stability. Significant 
differences existed for type of course. 

3, The hypothesis that students who take the LEI more than once do 
not differ from students who only take the test once was proven ^ 
correct. Further, no^ difference due to test sensitigation was 
shown. Likewise, there were significant differences for the 
type of course. 

\ 

Interpretation 

Since students' perceptions of their classroom environments are stable, 
the importance of the learning environment has been iliustrated. Previous 
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findings have also been reiriforced . Future rasearch can cnncinuc2 by 
quantifying particularly successful learning environmencs witir. tuacner 
and course variables. 

The Lear-ning Environment Inventory appoars to provide useful data ror 
researcher, guidance counselors, and classroom teachers. In a previous 
study Lawrenz (1976) used this instrument to compare the mean scores for 
biology, chemistry, and physics classes. For each scale of the inscru^ 
ment, significant differences occurred between at least two and often 
between all of the pair-wise comparisons,. For guidance purposes these 
findings can be useful to match the student to an elective science course. 
Further, teachers with the knowledge of students' course perceptions can 
better develop appropriate course objectives and lessons. In the present 
studyj Lawrenz continued htr work by questioning the foundation of the 
original conclusions* The assimptions that students' perceptions as 
measured by the LEI remain stable was proven valid. Further, the 
pattern that perceptions vary with the type of course was repeated. 
Unfortunately the extent of the pair-wise differences was neither 
discussed or presented adequately. 

The procedures utilized were sound. While the random half approach for 
each test administration insured good testing conditions, equal group 
size was lacking. Random placement of students into one of three groups 
(one, two, or three test administrations) would have provided three 
equal sized groups. Further, a more In^depth deBcription of the pnpula^ 
tion would have been useful* For axample, were all biology classes 
exposed to a comparable text and teaching approach? Students taught 
traditionally should perceive their classroom environment differently 
than those taught via inquiry. (Or should they?) j 

Significant differences due to type of class were reported--as expected-- 
but without further coimTient, A comparison of these results with those 
from the 1971 mmdy would have been interesting and Insightful, ^-^ile 

J 
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differences due Co course type, were- not tho ob'-.;'ccive or this study, the 
'apeCicive patcsirn 01 urie fiauing uoca r^-.uoJ.w Li.c pr-.:vicu..' 1.:; ; -1- 

tlc-ns made bv Lawrenc For che lucure, cLu dlffGrances of percepcions 
described by scudants of phvsics, chenistrv, and bi. logy mav be; as 
important as cha stability ot the classroom environment. 

As for the LEI, classroom managainent tech-tques, nature of the course 
content, and J.ntaractlnns bef-'een students and teachers are measured. 
Future stuciias might attempt to further quantii ■ the scales of the LEI. 
In addition, researchers might wish to correlate, the reactions of various 
age groups and interests to each scale. 

Especially iniportant is the generalization made by the researcher that 
teacher or course variables could be manipulated to create a specific 
environment'. Practically speaking, successful traits could be identified 
and passed on for pre-service teachers. Further in-service programs 
Involving specific curricula would be valuable to ceachers if students' 
perceptions were disclosed. Unfortunately, however, the LEI does not 
delve into students' feelinia about a specific course. Perhaps the 
diversity of biology is constant throughout the year, but so what! Does 
this finding imply that diversity is good? With a scable learning 
environment does a student learn process as well as content? Further, 
as semester courses and modules increase in popularity, how will the 
stability pattern be affected? Similarly, is stability constant for 
students who are exposed to the range onfemchi^ methods from 
' individualization to lectures throughout the year? A classroom may 
provide a stable environment but does this imply students learn best 
as a result? Questions abound reiardlng each scale of the LEI and the 
corresponding relationship to learning. 

In sumnaty, this study is worthwhile since the usefulness of the 
Learning Environment Inventory has been established. Fj^ure studies 
should determine how stability of learning environment relates to the 
most crucial outcome of education— learning. 
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Lloyd, Gerald , "An Experiment with the Teachinc of Scionce tu Nons t roamed 
Classes^' Tha School Science Review , 53: 355-360, 1976, 

D^Bcr^-=^[ ^r^"-^".M!"r^e ^'--i li.in t Lon KJu • icional Ruse.irch: -^H^^tom- 
geneous Grouplnv:^ ^Und ividual Ized I nri truction:- Ins^tructionai 
Improvements ^nncerned i /ite Grades; :Sciontific Attituda; Secondarv 
Educatiun; -Secondary School Scienca; -Scudent Attitiudas 

EKpanded Abstract and Analysis Prepared Especially for I,S.E. by 
Dorothy Gabel, Indiana University, 

Purpose^ 

The auth'^r's purpose for conducting this study was to datermine 
whether the use of a' variety of worksheets for teaching scienceftin a self-- 
paced setting was more effective than using identical worksheets in a 
group=pacfid situation. Worksheets for the self-paced classroom were 
devised for different ability ranges, whereas worksheets for the group- 
paced class were the same for all students. 

Rationale 

In heterogeneous (nonstreamed) classrooms, one of the prime aims 
of teachers is to encourage all children to work at capacity. This 
requlrer, that instruction be individualized to some extent • One method 
of individualizing instruction is to supply students with worksheets 
(or programmed texts) that students complete at their own rate. If 
identical worksheets are provided for all students, however, they may 
not be sufficiently challenging for the better students or may be too 
difficult for the slower students. This study examined the effective- 
ness of using worksheets aevised for different ability groups- No 
references to previous research in this area were given in the report. 

■ 

Research Design and Procedure 

The sample consisted of eleven- and twelve-^year^ld students in 
one achool located on the outskirts of^ristol. Students in the school 
were divided into groups of 30* Two of these groups were selecfeed for 



che expo riniiinL , one consc icut ing the expe r i.niun t al i^roup and tlic oLhur 
the= control, Scuiencs in the experimentai groups wero du^idod into 
three subgroup5 a«'.^ordln>; to innulit^c tua 1 ability. , 

In the experimental classroom, scudentrf wore assignfe:2d to lean, 
science through che use of worksheets that were prepared for the low, 
middle, and hi^h ability subgroups* Worksheets varied according to: 
1) 'The reiteration of eKperience in skills and knowledge chat h.:.^d been 
covered in previous work, 2) the depth of reasoning and discussion 
expected within the subgroups, 3) the number of difficulty of problems 
posed for immediate solucion, 4) the complexity of tiie written responses 
required, and 5) the practical skill needed for the necessary experinien-- 
tat ion. 

Students in the concrol classroom were taught as closely as possi- 
ble to the recomjne^ndations of the Nuffield Guide, This was generally 
class^paced instruction with the same workshaets for all children in 
the room. ' 

Three instruments were administered to the students. Achievement 
was measured by a sel f-producad test^ that contained items requiring 
knowledge, comprehension^ and higher mental^ processes . This test had 
a reliability of .82 to". 91, It was administered immediately after 
the one-term course, and again six weeks later. An attitude measure 
and a mental ability test were also administered but no information 
about them is given In the report. 

Find inga 

On the achievement tests results indicated that students w^ho had 
studied using the Individualized material achieved significantly higher 
Cp<,OS) Chan children being taught using the conventional approach. 
Analyses of the subsections of the test (knowledgGi , comprehension, and i 
hlgtier mental processes) showed that this was also true for the know- 
ledge and comprehension .subsections, , The above results were consistent 
for both thp immediate and delayed, posttests, -.^ 

s 
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In tha a£fectlve*area, there were no significant difference-, on 
gain score means between students in the two groups on their attitudes 
toward science in life, science in society, learning activities, or 
processes of science. The only significant difference was in their 
attitude toward school where the group-paced class became more posl- 
tive and the self-paced class more negative. 

In addition to the above Instruments, opinions of students and 
teachers were included In the report. On the whole, students did not 
favor the individualized approach. The teacher who used this approach 
also found It less desirable than a more conventional approach* 

Interpretation 

Results of this study indicate that students' achievement in 
science, particularly on the Imowledge and comprehension level, is 
enhanced If they use worksheets geared to their mental ability in a 
self-paced classroom* This, however, is not the o^y consideration 
that must be made in teaching science. The worksheets did not enhance 
the student's overall attitudes and, in fact, they became more nega- 
tive toward "school. This finding, coupled with the negative responses 
that students gave on the oplnionnalre about the method, suggests that 
the use of worksheets on a continual basis (for a term) is not desir- 
able* Using individualized worksheets for shorter time Intervals and 
coupled'wlth other diverse teaching strategies may be a more satisfac- 
tory method of teaching science^to eleven-- and twelve-year-old students, 

% ABSTRACTOR'S ANALYSIS 

This. Study stould be considered a pilot study that gives some indi- 
cation that the use of worksheets prepared for different ability groups 
increases acHievement in; nonstreamed classrooms. The major reasons for 
considering this a pilot study are that the sample is very small (approx^ 
imately 30 students per classroom In two classrooms), all students were 
from the same school, and each had a different teacher* The 30 students 



were subdivided according to ability giving only 10 students per group. 
This is a small sample size. The fact that only two teacher | partici- 
pated in the study makes it difficult to generalise to other teachers. • 
The results may be due to the Interaction of the teachers with strate= 
gies. The study needs to be replicated using a broader sample of * 
children and with\more teachers participating. 

This is not to say that the study is without merit. Much energy 
went ,i^to the preparation of the three foras of student worksheets for 
an entire term. The fact that the experiment extended over a long 
period of time is also commendable as this unfortunately is not a common 
practice. Noteworthy also is the fact that retention was measured six 
weeks after the completion of the term. 

In addition to broadening the sample of children and involving more 
teachers s this study and the report could have been improved In the 
following ways: 

1, Inatrument at ion , Specific details about the instrument administered 
should be included in the report^ In this report the name and 
reference for the mental ability and the attitude tests were not 
given. The reliabilities should also have been stated » as well 

as the formula used to calculate the reliabilities, 'The number of 
test items is also helpful. 

If a test is analyzed in subsections^ the reliabilities of each sub- 
section should be eKamined, The entire test may have a high relia- 
bility but particular subsections might be below an acceptable level. 
This would apply to both the achievement test and the att'.tude test 
in this study, , = 

2, Analyses of data . The data in this study are presented in terms of 
percentages with no information given about the number of Items on 
the test. The latter information is of interest to the reader who 
might wonder if a 50 percent score meant getting 1 out of 2 right 

or 50 out of 100. If the test i primarily multiple-choice items as 
is indicated in the report , one questions how much was learned by 
students in the low*VKQ group control group when their scores were 

38 



around 20 percent (at the chance level). Because n is not given, 
one also wonders about the size of each of these groups. Were there 
10 students in each or were the 'average groups larger and above and 
below average gr=oups smaller? 

Data for the attitude test were , analyzed according to mean galn« 
scores. Analysis of covarlance would have been a more appropriate' 
method of analysis. 

Interpretation of the data . If data appear to be inconsistent, with 
the general results , an explanation is generally called for. In 
this study the mean scores in the. test taken six weeks after the 
other test appear to be inconsistent across groups, Generallyp the 
retest scores are about the same as for the first test. One wonders 
however^ why the scores of students in the control groups would 
increase substantially in four out of nine cases whereas this was 
true for only two of nine cases for the experimental ^roup* 
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Mayfleld, J* M* "Factors Affecting Rationality in the Discussions of 
a Problem by Small Groups of Secondary School Students," 
Science Education , 60(2) i 173-183, 1976, 

Deacripcors— ^Educational Rasearchi *Group Discussion; *Group 
. Dynamics} Instruction; Science Activitiesi Science Education} 
Secondary Education; ^Secondary School Science} ^Teaching 
Methods 

Martin, J. F, "Analysis of John M, Mayfield's Factors Affecting 
Rationality in the Discussion of a Problem by Small Groups 
of Secondary Students*" 

Science Edu cation, 60(2) i 185-192, 1976. ▼ 

Descriptors— ^Educational Research | *Group Discussion; 
Instructloni Problem Solving; Science Education; Secondary 
Educatloni *Seconda^ School Science; ^Sroall Group Instructloni 
*Teaching Methods 

EKpmded abstract and analysis prepared especially for I.S.E, by Dorothy 
L* Gabel, Indiana University* 

These two articles are considered together because one is a^ critical 
review of the other. The analysis by Martin will be incorporated in the 
Abstraator's Anmlysis because of the nature of the article. 

Purpose 

In conducting this research May field had as his primary purpose the 
exploration of factors operating within small groups of adolescents th^t 
affect the rationality of the groups as they attempted to solve a 

particular problem- - 

. ' ■ \ 

Rationale j " , ^ 



Although small group instruction is frequently utilised In the secondaiy^ 
schools, th6re is little theoretical basis justifying it as a suitable 
mode of instruction* Studies by Walberg and Ahlgren (19 W) and Walberg 
and Anderson (1968) have produced post hoc descriptions of correlations 
between learnihg oitf^omes and the classroom social climate in secondary 
physics classes, ^ but direct observation was tfot a part of that research* 
A study by Hurd and Row© (1966) indicated that In high school biology, 
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some incompatible groups reduced intragreup friction by spending much of 
their time on social-emotional behavior whereas others avoided intragroup 
tensions by concentrating on their task. 

This Study closely examines intragroup behavior using Bales' spatial 
Qodel of group structure (1950) • Utilization of this model involves 
mapping the behavior of each group member In a three-dimensional 
"group space," the axes of which are behaviors i Foward-Backward (task- 
oriented versus non-task-oriented) 5 Up-»Down (dominant versus submissive), 
and Pdsitive>Negatlve (friendly versus unfriendly) » 

Research Design and Procedure 

This ei^loratory study used a naturalistic, observational approach in 
which 60 eleventh and twelfth grade studgnts from a public cdeducational 
high school and 25 students from a parochial girl-s school were divided 
into groups of five students each* Each group was given the same problem 
to aolvei the NASA "moon survival'! problem by Hall (1971). ^le problem 
each group was to solve was the listing, in sequence of importance, 15 
Items^necessai^ to survive on the podn in aai emergency landing. 

One day prior to the group solution of the prdblem, students tompleted a 
15 item multiple choice pretest of relevant information about the problem 
solution and were asked to solve the problem individually. On the day 
of the group solution ^ students completed Bales ^ Interpersonal Rating 
Fo™ A (revised) after solving the problem. On the following day, they 
completed a posttest that was identical with the pretest, and also 
solved the NASA problem individually once again. 

Findings * - . 

A. Probiem Solving 

1, Most individual's initial solutions were not as correct as 
"their group's" solution. » -. 
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2, Molt Individual's second solutions tended toward the group's 
solijtiQni even when the group's solution was less correct 
than the individual's initial solution* 

B* Group Structure ' . 

Three types of groups were identified. . 

1. l/ype 1 1 five groups ^ low scatter * clustered Interpersonal 
ratings. 

2, Type II: three groups - Intermediate scatter and clustering 
of Interpersbnal ratings. 

3* Type Ills nine groups - wide scatters no clustering of 
Interpersonal ratings. 

C. Interaction Effect ^ 

1. Type I 

Tended to have rational discusiion. In four out of five groups, 
group solutloii was superior to that of best member* 

i 

2. Type II 

One of three groups had group solution superior to that of best 
nei^er, the remaining two being equal. 

sl Type III „ 11 

Tended to argue on nonrational gromids. Six out of nine groups 
gave solutions inferior to that of bes^ metDblr* 

Interpretations 

Generalizations from this study must be made with" caution because students 
were not randomly selected from the general population. Some interpreta- 
tions about the inner-workings of the groups were that the nonrational 
grounds on which students argued could be classified as concessions, force, 
rules-of- thumb and emotion. Rational discussions were useful in two ways: 
Individuals who made rational suggestions faciiitated their own ascendancy 
within the group, and the group as a whole developed a task-oriented 
pattern. The phenomenon of devaluation that occurred in every group occurred 
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when group tensions Vere high "due to loss of problem mastery of ascendant 
group members," Once devaluatipn took place, the social value to the 
individual of having his ideas accepted diminished and ascendant group ^ 
ffiambers shared social st^us rewards with those of lower status. 
Rationality of discussion generally declined. 

The findings indicate that the Idea oi small-group instruction does not 
necessarily lead to more verbal participation in reaming by all students, 
nor does it improve social development if some group members follow 
siAmlssively* Students need to be made aware of social interactions that 
do occur md their effect on learning. Pitfalls can then be overcome to 
make small group instruction more valuable for all, 

ABSTRACTOR'S ANALYSIS 

The major strength of this study Is in the effort the researcher made to 
examine in detail the social structure of groups in a problem solving 
situation. Too frequently only the overall effects of research are 
reported and little is known about the Inner workings or interactions 
mong individuals comprising groups. Of great merit also is the author's 
precautions In generalizing beyond this iroup because of the nonrandom 
nature of the selection of the sample* 

The follrwing questions about the research are raised by both Martin 
and this reviewer. 

1; It is not clear how either the rationality of the approach or 
the ease with which meidsers worktd together were affected by 
the pattern of asking students to complete the moon survival 
problem individually before solving It as a group. Any prior 
^ comitment a student would have toward his/her individual 

solution might affect the rationality of the group. 
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2, The NASA problem li not representative of the types of problems 

a student fraquently encountars in science and students may r^act 
differently to iti solution. In other words * results may not be 
generalizable to other science' probleM* 

3. The Interactions of the group may^ be aff^ted by "group history." 
In this particular case the s^tudents were rmdom collections of 
preacqualnted individuals who came together for one short problem-^ 
solving session. How these groups would react to a longer time 
together sblvlng a variety of problems as would ordinarily be , 
encoimtered In a regular classroom is unknown. Generalizations 
from this one experiment cmnot be eKtended to the normal 
classroom situation. / 

4* Grmp members used their own perceptions of how they reacted in 
the group and these may be laad to Inflated or deflated scores. 
Reports by observers of the gro^p while it was in action may 
give unbiased ratings for meters in the group. 

5, Bales* group space model may not be applicable to adolescent 
groups. Bales' model (as noted by Martin) has been developed 
using college students and adults anJ assumes a degree of 
personal stability. Adolescents may not have this required 
stability . 

In siramaiy. May field has contributed to the area of science edtication In 
carefully analyzing the processes that occur in small group instruction. _^ 
Martin has added to this contribution by his careful analytical critique 
of Hayfleld's work. Not only did he analyM the article^ but he used 
Mayfleld's full thesis in preparing his analysis* Additional research 
studies are needed with mora. randomly selected samples not only to 
deterolne the applicability of Bales' group space model to adolescents 
but also to detemlne the effects of small group instruction on achieve- 
ment and social development. 
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Shymansky, James A. *'How'^Is Student Performance Affected by the One^ 
to-One Teacher-Studenit Interactions Occurring in an Accivlty'' 
Cent>.red Science Classroom?" Journal of Research in Science 
Teaching , 13Ci): 253-258, 1976, 

Descriptors"*Activlty Learning; ^Educational Research; Elemen- 
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Teacher Role 

Expanded Abstract and Analysis Prepared Especially for ItS,E, by 
William R. Brown* Old Dominion University, 



Purpose 

This correlational study dealt with the relationships between ^ne- 
tO"HDne interactions taking place between a teacher and a student in an 
activity^centered science classroom and that student's behavior during 
the remainder of the science lesson. 



Rationale 

. Shytnansky summarized the literature concerning classroom injer- 
action analysis techniques and generalized to produce this rationale* 
Individual differences ambng students can affect both the actual and 
perceived- Interactlona in a classroom, Intraclass variations in 
teacher behaviors do occur. Therefore^ it is appropriate to ^investi- 
gate dyadic teacher-^student interaction. Dyadic interactions are 
especially important when a teacher is eKpected to interact with 
children long enough to guide the child *s behavior but not so long as 
to stifle hands-on investigation by the chUd, 



Research Design and Procedures 

The varlates were length of interaction (time interval) and the 

nature of the interaction (verbal or nonverbal)* The criterion varia'^ 

ble- was the student's classroom behavior. This variable was sudlvlded 

into ten categories. . i ' 

1,0 g Miscellaneous^ 

Ll Observes demonstration 

L2 Follows teacher -s directions 



L3 Does activity of own design 

L4 Responds tb teacher 

L5 Initiates interaction with teacher 

L6 Initiates interaction with another student 

L7 Receives ideas from another student 

L8 Copies other students 

L9 Gives ideas to another student 

- - * The revised SCAS Classroom Interaction Categories—Student Behaviors 
was used by nine trained observers In fifth-grade* science. All data were 
collected using this Instrument* The' intra- and interobaerver reliability 
coefficients of the pbserver team were calculated according to the Scott 
foipttula. ^11 coefficients exceeded 0*75, 

A total of 78 student 'observations were made over a five-week 

- period. Fifth graders were randomly selected from a class of 26 i 
students, ^ Each student was then observed by a single observer for an 
entire class period, . The observer coded the student U behavior every 
three seconds or when the behavior changed in less than three seconds* 
Nonverbal one-to-one teacher-student interactions were recorded as "0." - 
Verbal interactiona were coded "V." When the teacher Interacted directly 
with the student being observed j a three-symbol code such as 0L3 was 
recorded* This represented nonverbal ^ student does activity of own 
design* ^^1 would be verbal, student observes demonstration, A two- 
symbol code was used when the teacher-student were not interacting 
directly* - = * 

Data for the ^^iates were suranarized by three scores. The V-score . 
is the perc^taje Df observational time the teacher verbally interacted 
with a stude^rin a one-to-^ne situation, V is equal to the sum of codes 
containing V divided by the sum of all codes. The 0-score is equal to 
the sum of codes containing 0 divided by the sum of all codes. The ^ 
0-score is the percentage of observational time the teacher interacted 
oonverbally with a student in a one»to^ne situation. The percentage of 
observational time the teacher irteracted verbally and nonverbally with ^ 
a student in a one-to-one situation (all dyadic observations) , is the 
0 + V score. .^ ^ . 

The criterion variable (Student' Classroom Behaviors) was represented 
by ten categories plus an L-score. L is equal to the sum of all codes 
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containing L divided by the sum of all codes. Student behaviors coded 
during the one-to-one verbal Interaction with the teacher ware not 
included in the L-scores, It was decided that what the student did in 
the classroom .when not under the direct influence of the teacher was 
far TOre important Chan those behaviors exhibited during the inter= 
action. 

The relationships , between variables were analyzed using Spearman 
rank-correlation* 



Findings ^ 

The tbtal amount of time that the teacher spent Interacting directly 
with the student (0 and V) correlated negatively ^^ith the total amounc of 
time that the student spent doing activities of his own design (L3). 

Positive correlations (significant at the ^ ^ .05) werei 

LI 0 & V V ^ 

L4 0 6^ V V 

L5 0 6V V ' 0 

,i 

Interpretations 

Two explanations were presented to interpret the negative correla- 
tion. Perhaps increased teacher interaction with the student reduced 
the amount of time available to the student to eKhlblt any L3 behavior. 
A second explanation suggests that the teacher tended to interact longer 
with students who were not Involved in productive activity. Both of 
these eKplanatlons^ are discounted by the investigator based on the 
patterns in the data. * - i 

The positive correlations for LI and L5 indicate that students with 
whom rhe teacher Interacted for longer ' perS^ods of time tended to be very 
dependent on the teRcher. The lengthy one-to-one teacher Interactions 
may have produced insecure feelings in students regarding their perfor- 
mance in the activities* One-to^ne interaction may result in interfer- 
ence if the interaction proceeds too long. Is there an optimum 



Interaction time between teacher and student when the student is 
involved in a hands-on activity^riented science experience? The 
investigation suggests that teachers must fehare the teaching with 
materials s thereby reducing the teachef=to-student interactions when 
a child is manipulating the materials or engaging In independent - 
activity* ^ ■ ' 



^^--^ ABSTMCTOR'S ANM.YSIS 

This relatively simple, straightforward study Identifies a potential 
experimental situation. It would be possible to manipulate the variates 
in Shymansky's study to attempt to establish cause and effect* The 
length and i^^ture of the teacher-student interactions could be system- 
atically manipulated. Does the length and/or nature of the teacher- 
student interaction affect the "security feelings" of students involved 
in hands-on activities? Does a "long" student-teache.r interaction 
interfere with student's involvement in hands^n activtty-centered 
science? ^ 

A few questions can be raised concerning information presented in 
the report* The selection and description of samples appears to be a 
perpetual problem in report writing. Fifth-grade science classes were 
used in the study. How many classes were used? How many teachers were 
used? Seventy-eight interaction sessions with one teacher and 78 
different students would most likely yield different results from 78 
observations using a dozen different teachers. Why were fifth graders 
used? No description of the population was presented. Did the teachers 
observed have a history of student-teacher interactions? Diu the stu- 
dents observed have a history of teacher-student interactions? What 
science program was being used? Was it always the same lesson? What 
control was kept to Insure that each of the 78 episodes involved as equal 
aaounc of expected hands-on activity? What procedure was used to randomly 
select a student frbm a class? Did the selected student know he was being 
observed? What precautions were takgn to prevent observer-subject Inter- 
actions? * 
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• ■ *^ 

Reliability indices were presenced for the instrument used. 
No measures of validity were given, =^e the nine behaviors listed on 
j the SCAS the student behaviors we should be exOTining? 

' X^m overall length of the study was five weeks, but each teacher- 
student observation was 30-40 minutes* What might be the patterns of 
teacher-^studenc interactions if there were several observations made ' 
of the same teacher^studerrt pairs by the same or by different observers? 
Perhaps additional clues to what is happening in a classroom coul4 be 
retrieved if the sessions were recorded on video tape using a two=camera 
system^ one for the teacher and one for the student, 

TWQ eKplanations were presented concerning the negative correlation 
between 0 ^ V and L3. Reasonable theses were giv^rt to discount these 
^ two explanations. Unfortunately, an/ alternative interpretation was^ not 
given. What might this negative torrelation mean! 

The Investigator suggests that teachers must share the teaching 
with materials* . In the last couple of years, activity cards have been 
written for use with pr^ominantly hands-^'n science p^^rams (1, 2), 
T^ese cards can serve as^a method to reducp teacher-student interaction-^ 
and still have a student involved in a hands^n. Inquiry situation (3)* 
Shdrt reading materials can also be uked to decrease ^rect teacher- 
student confrontation (4)* , 

" Tnls Investigation points to. variables that may be eKamined to 
provide insight into the cause-effect relationships occurring in 
activity-centered classrooms. We need to continue this line of research 
and combina similar studies in order to develop instructional principles. 
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Expanded Abstract and Ajialysis Preparad Especially for I.S^E, by 
Marvin F. Wlde^en, Sinion Fraser University, Vancouver, Canada, 



Purpose 

The purpose of the study was to datermine the relative effectiveness 
of structured and unstructured laboratories in teaching an understanding 
of the process of science. 

Rational^ 

This study falls into the category of those conducted over the last 
few years contrasting various ty*pes of structured and unstructured teach- 
ing strategies in post secondary science teaching. \^il© previous 
studies of this type have conipared the two strategies in terms of their 
ef f ecciveness in teaching concepts^ developing formal operational thinkings 
or aiding the development of attitudes, the study described in this paper ^ 
used understanding ot the process of science as a dependent variable. 
The authors argue that the structured laboratory is more in keeping with 
ti^ position of Gagne and Plaget, both of whom suggest that some form of 
structuri is needed. The unstructured situation^ on the other hand ^ is 
more in line with the theoretical arguments of Brunar who argues for 
practice in^ inquiry. In effect, the study is a contrast of these two 
positions. 

Res earch Design and Procedures 

A pretest, posttest control group design was used with laboratory 
structure as the independent, variable and student scores on the Welch 

% . ^ 
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Science Process Inventory (SPI) an the dependent variabla, Thti latter 
was saen-as a measure of che students^ understanJins of tihe prncoss of 
science. The troatr.ents tncluJeJ two approaches Co struccuring the 'abor 
atory saction oi a course, Man's Physics World I. One included che 
traditional lorriat in whicn zha student was given instruct lOiiop to help 
verify principles in class; the second Included an approach in which the 
student discovers or Inquires into principles discussed in lectures. 
The lectures^ which were presented by four different individuals, were 
not part of the experiment. Pretest scores on SPI, laborat'.'ry gradas 
and lecture instructor were used as covariates to adjust preteSL scores, 

Irw trwnen t 

The dependent variable, students' understanding of the process bf 
science, was measured using the Welch Science Process Inventory (SPI), 
This 135 statement rating scale uses a dichotomous response format, A 
reliability estimate of .86 CKuder^Richardson) is reported as well as a 
statement that ^Validity has been established through both predictive 
and constructive measures^* The instrument provides both a total score 
and scores on four subscales- assumptions, activitiess nature of out^ 
comes, and ethics and goals. Xlie instrument was administered during the 
first week of the semester and as a posttest during the last week of the 
course, 

Scmple 

The subjects were freshmen and sophomore students from areas such as 
elementary education, business administration, home economics and the 

social sciences who were taking the introductory physics course to satlsf 

a general' science requirement. The majority of the students had had 

exposure to biology or geology as a college science but only 23 percent 

had completed high school physics.' The subjects were assigned at random 

both to the four lecture groups and to the laboratory sections. 
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The adjusted posttest scores indicacad thac no diLterencas oc^urrad 

in three of the components^ assumptions, nature of outcomes or ethics, 

and goals* In the case of activities, however, studenrs in the atruc- 
tured laboratory scored higher. 

The authors point out that those in the structured laboracory were 
led through activities performed by scientists while chose in the unstruc^ 
tured laboratory, in the absence of specific instructions, turned to 
lecture notes and textbooks for explanations of observations* The authors 
further argue that this is typical of the concrete-operational student and 
implies that were more qtudents of a formal opgrational level, they would 
have performed differentia^ by making observations, building nradels and 
testing them* The authors conclude that structure, because it provided 
examples of activities, caused the students to better learn the process 
of science* The authors further conclude that the *',.* average college 
freshman or sophomore taking his first physics class apparently requires 
a structured experience and training in scientific proce 3 before he will 
underst: 1 It*' (page 38) . 



Interpretation 

The study compares two strategies to teaching laboratory physics, 
structured and unstructured. The authors describe their study as an 
extension of work done by Gunsch (1972), Murphy (1976) and Tanner (1967), 
who similarly compared these two strategies but using different dependent 
variables* The authors argue that their study, which uses the understand^- 
ing of the process of science as a dependent variable, provide a useful 
contribution* ^Indeed, this would be the case were all studies dealing 
with the same treatment* Closer examination of the studies cited by the 
authors reveal that this is not the case, Gunsch compared laboratory and 
nonlaboratory approaches to teaching science and Murphy compared process 
and content centered laboratories, ^e Tanner paper was not a comparative 
study at all but a description of tv/o approaches. Thus the study seems 
unrelated to a matrix of previous studies and as such it is difficult to 
assess Its conceptual cQncributlon. At best, the study should be seen 
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for genaralizing to previous research in the area. 

Similar dif ^' Lcul ties exisc when the authors try to drav^ links to the 
work of Bruner^ Piagec and Gagne, It is not clear from the paper and, 
indeedi highly questionable rfat, the two strategies used are a reflaction 
of the positions of any of thes^three psychologists* Thase observacions 
should not necessarily ■ ba seen criticism of the auth^^S'^'OT-^irch as 

a criticism of the state of current research .with regard to the use of 
laboratory work in science teaching at the college level* The authors 
can hardly be held responsible for the fact that there are probably an 
insufficient number of studies dealing with laboratory teaching which 
are sufficiently similar to create a matrix from which to draw a concept 
tual framework. 

the authors followed a fairly standard methodological paradigm. In 
conducting the study. Two general treatments were compared * using a non- 
equivalent control group design. Latere I will comment on some ways 
that this specific study could have been improved. Firsts however, t 
should like to comment on the basic weakness in comparative studies of 
this type. Comparing general treatments such as structured and ^ 
unstructured approaches to teaching laboratory science always raises the 
question: What is it that is being compared? When differences do occur 
It is difficult to know how to accoui.t for such differences given the 
range of things that might occur under either treatment* 

The authors are to be commended in their use of the analysis of 
CQVariance and, in particular, the selection of variables to control for 
past experienco. However, th«^ context within which the study was con- 
ducted created a set of problems typical of studies of this type. The 
authors were working within the coritext of a fairly structured, tradi- 
tional course involving lectures and laboratory. It would seem also 
that the outcomes of the course and*the students' expectations would be 
^ similarly traditional. It is into this context, then, that the authors 
inCroduce an alternative approach to laboratory teaching, an inquiry 
approach. But it is still likely required of the students that they 
perforni in traditional ways on the final ex^lnation* Thus, it is not 
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different from che steps the authors describe on page 35, Table 1, wliich 
implies having students solve problems and draw cu.: lustons to students 
citing '\ lecturers and lecture textbooks for their explanations.,," 
(nage 37). In short, can one fairly test: the merits of two alternacive 
strateiies in a setting that so strongly favors one over the other? 

The design of the study could have been strengthened had the authors 
a) used a Wider range of criterion measures^ b) used a factorial design, 
and c) established a more logical link between the treatment and the 
criterion measure. The discussion turns to a brief comment of eachp 

The use of a single criterion measure In a study of this type is 
tantamount to placing all ona*"s eggs in one basket. The study could have 
been improved significantly if the authors would havm used measures of 
content, attitude and interest. From these one could draw more infer^ 
ences about the relative effectiveness of the two approaches. Second, 
the use of a factorial design in which selected attributes or demographic 
characteristics of the subjects were crossed with the treatments would 
have made it possible to identify different groups for whom the treat- 
ments may have been more effective. Third, the argument that one of the 
treatments is likely to be more effective than the. other in improving the 
understanding of science is lacking in the paper. The rational links 
between the dependenc and Independent variables are simply not there. 

^mile the sample was well de^^,.. .^dd, the paper ^hould have Included 
the number of students who were involved in che study and provided a more 
eKpllcit explanation as to why the ^^trition rate was as high as 50 
percent. Also, it is disconcerting when researchers do not include 
standard deviations in tables that have means and F-values, The conclu- 
sions seemed^rather unwarranted. The authors concluded that ",,.the 
average collage freshman or sophomore taking his *first physics class , 
apparently requires a structured experience, " on the basis of a 1,5 
difference on adjusted means on one subscale when three other subscales 
.showed no significant difference. An alternative hypothesis would be 
that the unstructured approach to laboratory work was equal ly. as effec- 
tive as the structured approach since three of the four subscales showed 
no significant differences, 
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in science teaching is litnited, FuCure research might well take two 
directions. First, it would be useful to have reporcs of systcmacic 
observational scudies which describe what =goes on in loborator.Les under 
the aegis of laboratory teaching. These should be designed to d.jscribe 
the transactions which occur in laboratories in order that specific 
variables can be identified for future research. But such studies should 
also deal with the contextual, social and political attributes of teach- 
ing. With such knowledge, one can then more appropriately design compara^ 
tive studies based on specific variables rather than global treatments, 
Developme^ital research also needs to be done to provide a conceptual basis 
for what is done in laboratories, based on the work of eminent psycho- 
logists such as Piaget, Bruner and Gagne. With a basis formed by such 
activity, then efomparative studies such as the one just reviewed can take 
a more refined focus and contribute to a more effective conceptual base. 
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Planetarium.'' Journal of ReBGarch in Science Teaching, li(^): 
345-349, 1976. 
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Education; Science Facilities _ ( 

Expanded Abstract and Aiialysls Prapared Especially lor I,S,E, by 
Gerald H. Krockovar, Purdue University^ 



Purpose 

Tha purpose of Sunal's study was to -'analyze the devc lopment-^^ and 
use of a TOdel for evaluating student outcomes involving a school- 
associated planetarium" (p, 345) . 

R ationale 

The rationale for this study was to identify "what is known through 

rasearch as to* the actual role of the school and collage-associated 
planetarium in education" (p. 345), 

Research Desig n and Procedure 

A model was developed for defining the school-'assoclated planetarium, 
including its perceived role in education. The procedure involved using 
the model to analyze past research stupes including planetarium studies 
and test dataj categorization of test instrumencs, analysis of test data, 
and evaluation of results. 

Nine out of a total of 16 studies concerning the planetarium were 
isolated as possibly providing information related to analysis of the 
TOdel presented. ■ The selected studies Involved more th^n 4000 students . 
from grade two through university freshman. The type of planetarium and 
number of visits also varied between studies. 

The analysis of the data involved identical computer statistical 
analysis and significance levels of student data as performed in the 
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ori^^^--0 rc-o ronort* Tht^ differt^nce invnlvod nn:ilysis on que^rlnn 
subgroups rathor than on coc:il score tor cacli studenC, The tost darn 
were analyzed three lovelsi elementary, secondary, and culitjgc. 
This resulted in lour independenf seta of data rtalacing to the elemen- 
tary level, three at the secondary level, and two at Che college level. 
The studies involved single and multipie ^classroom and planetarium 
experiences using a variety of comparisons. The goal areas analysed 
included three . cognit ive levels and four prQcess skills. 



Find ing s^ 

Research 30 far does not support the belief that a single planetarium 
lesson produced better results, in any goal area, than a single classroom 
lesson covering the same objectives. 

Classroom instructional units involving one to eight planetarium 
lessons as compared to units with no planetarium involvement showed no 
significant difference at the elementary levels and mixed results at 
the secondary and college levels. 

Practices r^orted which produced better results than typical one- 
visit usage were orientation sessions given before planetarium visits, 
use of the planetarium for remedial lessons, coordinated and combined 
planetarium classroom instructional units, and visits scheduled late in 
the classroom unit. However, gains affected by the planetarium exper-- 
iance were found not to be influenced by IQ, reading or mathematics 
ability of the student, sex of the student; or preplanetarium and follow 
up exercises* 



Interpretations 

Research in planetarium .education has tended to be specific, deal- 
ing with few aspects of what planetarium educators define as goals. In 
the years ahead, planetarium education must' become a far more systema-^ 
ti^.ed process with objectives better stated In terms of concrete, 
observable, and trainable behaviors and should include the*establ ishment 
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nf n ri:! at ioiisvh LP becween research and actual doctsinn makinp;. Re5;enrch 
to date has been more successful in challenging old assumpcions than it 
has been in asLabllshlng new generalizations. 

ABSTRACTOR'S ANALYSIS 

This study can be summarised in one word: '■confusing*'* The author 
purports to use a "model," yet he never defines what the model is* The 
author submits a classification chart for goal areas of the model without 
ever stating the model. One questions whether this article is really an 
analysis of research or simply a summary of previous surveys. Many 
questions can be asked about this article including: 

1. What was the basis used for the selection of the model? 

2. What specific procedure was used for using the model to 
anal)%e past research studies? (p* 346) 

3. Why did the author cover grades two through colleget (p* 346) 

4, What statistical analysis was used and why wasn't the level 
of significance reported? (p. 347) 

5, Why did the author use subgroup data when the original ^researcher 
used total score data for each student? (p* 347) 

6, Why did the author use fifteen variables? (p. 347) 

In conclusion, Sunal states five implications derived from the "oper- 
ational school planetarium mdelj'* which may be the best part of this 
article. Unfortunately the implications cannot be traced directly to 
any parts of the study. 




RESPONSE TO ANALYSIS 
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rv F?!SPP'!Sz 7"^ THS A^^ILYSIS OF 



Mills, Terence and Eubanks, I. Dwaina, "Scudenc o^aessmt^riL o L ibCb 
Classrooms and Grada Flacemcnc of ISCS Level I and 11,'^ by 
Doronhy Gabel. Invest isat Ions in Science E duc ation , 5(4) ; 19-- 
22, 1979. 

t. by 

Terence Mills 
Oklahoma State University ^ 



The major purpos^of the study under "revtew was to determine the 
opinions of Btudents concerning their ISCS classrooms and teacners 
where the schools interchanged ISCS Levels I /and II within the junior 
high school grades* Information was gathered to determine if differ- 
ences in student opinion existed between (1) seventh and eighth^grade 
students using Level I material^, (2) eighth and ninth^grade students 
i4slng Level II materials, and (3) eighth-grade students using Level I 
and^-eighth-^grade students using Level II. An additional objective was 
to obtain a general assessment of student opinions concerning their 
ISCS clasaroom. 



Questions asked and information requested in the critique follow 
as does rationale and data which clarify the strengths and weaknesses 
of thfe^ design and outcome of the study, 



1, Were students i^rdomly selBated from all saJwol systems using 
ISCS in the manner desaribed in the optiate or were students 
selmted from one state or from 'one local sahaol distriat? 

The 1,967 subjects were students froTn four school dis- 
tricts. The population was not a random |ample drawn from 
the 1,967 students. The wording , . ^sample of 1,967 
Junior High School students in 75 sections of ISCS science" 
is misleading. ' The term "population" rather than "sample" 
would be a better choice. 

Are studants in tArhqn^ suburban', and rural environmmts repr#- 
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One urban nnd throe rural communities in norcheastern Okia- 
homa were represenCed . Tha rnajority of the subjects ware from 
tha urban district, with ,17S or 9 percent of the total populaLion 
coming from three rural communities. Urban and rural student 
responses were compared but not reported as part of the study, 

3, Ave thsPB any reliabiiity aaeffiaients for the assessnent instil- 
ment? 

Reliability coerficients for the 20 assessment items (Your 
Student's Rolei 1973) were not available and none were calculated. 
The fact that the students- perceptions were obtained at^^pffar- 
ent times, dates ^ grade levels , communities ^ and schools by 
different teachers of a large number of different students in a 
self-paced curriculum made a quantitative measure of reliability 
desirable but difficult to escablish. In this case validity was 
considered more imporCant than reliability as it is possible for 
a test to be sufficiently valid for practical purposes without 
being very reliable (Guilford, 1956). Content and face validity 
were determined by trained ISCS personnel. Validity was also 
inferred from the fact that those who developed the objectives 
and materials for the ISCS curriculum accepted and published the 
assessment instrument for use in ISCS classrooms* It was under- 
stood that a reliability coefficient of ,95 for each of the 20 
items would have enhanced the survey, 

4. Infarmat ion on tha s^ipZe siaa of aaah' group and Jiaw aUidmts 
were aliiBter&d under tmahers was not reported* 

Sample niza of each group was available upon request as was 
' noted at the bottom of page 321^ l.e,^ "^Summaries of actual and 
expected student responses to the questions are available upon 
request," ' Sample size was as follows i 

Seventh Grade - Level I 

Eighth Grade - Level I 

Eighth Grade « Level II 

Ninth Grade - Level II 
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472 
568 

491 
436 



To protect t h e ano n vsi-i c y of students and t e a ch e r a it wa s 
requestea that the response sheecs not be coded. It was t>lt 
thac the voluntary / artic ' ion at zc.izhars requ:.r^d that 
responses not be trac:?J to z&achx^L:. Therafore, analyBis of 
student response by teacher was n u conducted. 

5. ^^eaaiise a laTge mimber of students uera surveyea d: ' 
9Uidy^ small differenass in msayw ppaduae stzti&tical 
fiaanaes* Eza/nination of means in Table IT shaus tJuit dzffar- 
maes of 0.2 on the S^point saale produQes statistiaal 
signifia^ae. (Gabel) 

No statistical comparison of means were made in this 
study! The Chl=square one-sample test was used to determine 
if a statistically significant difference eKisted in the pro- 
•portion of responses to each of the items when grade or ISCS 
level varied. Mean response to items were presented only as 
means. Comparisg^r^her than a "ganerally favora le rGSponse 
to the ISCS curriculum materials and classroom teachers^" were 
not made by the authors* It was suggested that the positive %^ 
mean response by group implied support for ISCS materials used 
out of grade. 

6. Was a aantrol group uBed for comparison? 

\, Fourteen of the 19 teachers cooperating in the survey 

also taught other junior high school science courses. Data 
from 471 students in 16 non-iSCS science sections was gathered 
using the same assessment Instrument. The implication that 
"ISCS students generally rated the (ISCS) course positively" 
(Mills and Eubanks, 1979) is strengthened by comparison of ^ 
the ISCS and non^ISCS mean responses in Table I. For all posi- 
tively stated items except 6 and 10^ the ISCS student means 
were higher than non-ISCS student mear^s. The lows means for 
the negatively stated item (1, 13 and 15) indicate a more posi- 
tive response from ISCS students on Items 1 and 15, A signifl-' 

w 

cant difference in ISCS and non-ISCS response frequencies 
occurred in 13 of the 20 items. 
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Table I. Mean^ and Chi-Square Values for ISCS Questionnaire 



I cam 



ISCS (N=l,%7) 
X S.D,. 



1. My teacher evpeccs scudents 
CO agree wiCii his vLews, , 

2. My teacher soems to be inter- 
ested in caaching. 

3. My teacher cares whether I 
laarn. 

4. I am interested in the subject 
matter in this clirss. 

5. I enjoy the activities in 
this course, 

6. I believQ this course chal- 
lenges "me mentallv. 

7. Our teacher enco .rfges us co 
express our ©.pinion . 

8. Our ceaQjier seems tC' accept 
new ideas 'and vieuTno itits . 

9. We are, encouraged to ask 
questions. 

10. The course is worthwhile. 

11. The coutse is enjoyable most 
•of the tinie, ' 

12. Wlien the teacher talks ;:o the 
class, I listen, 

13. My teacher gets most of his 
opinions about me from my 
answers to his test questions, 

14. Our tea-cher lets us make some- 
decisions about how the class^ 
will be runi \ 

15. My teacher makes me feel ■ 
stupid when I make a mistake, 

16. Equipment and supplies are 
easy to get when I need them, 

17. Our teacher likes to learn. 

18. We are encouraged to solve 
problems. 

19. 1 know where the safety 
equipment is'located. 

20. I feel that the equipnient 
and supplies belong to the 
teacher and the students 
equally. . 



2,93 

4.08 

3,95 

3.32 

3.42 

3,56 

3.51 

3.54 

3.76 
3.47 

3,46« 

3.48 

2.36 

2.47 

2,47 

3.87 
3.72 

3.97 

3.51 

3.65 ' 



' 1.5/16 

1.8249 

1.8065 

1,6721 

1,6905 

1.7177 

1.7007, 

1.7048 

1.7615 
1.7075 

^1.6977 

1.6801 

1.5446 

1.4665 

1.4878 

1.7880 
1.7401 

1.7963 

1.7327 

1.7622 



^ S.D, 



X 



3.01 

3.74 

3.59 

3.23 

3.28^ 
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3.44 

3.37 

3.68 
3.48 

3.20 

3.23 

2.85 

2.37 

2.51 

3.61 
3.50 

3.92 

3.27 

, 3.55 



i ,1.7591 

1 ,7305 

1 .6489 

1.6528 

1.7188 

1.6860 

1.6669 

1.7410 
1.7052 

1.6425 

1.6243 

1.5313 

1.4123 

1.4734 

1.7233 
1.6893 

i;7909 

1.6792 

1.7379 



2d , 2_" 
125.03* 

63.36''; 
3.71 

14.97* 
0.38 
7.44 

15.54* 

5.10 
3.09 

27.46>^ 

24.47* 

11 .89* 

11.37* 

17.90* 

32.09* 
36.68* 

3.32 

16.14* 

9.20 



— ^tr- 

*X values > 9,4Q indicate differenres in respons#^ frequencies which are 
significant at the 0,05 level or gr^iater (Df = 4 in all cases). 
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Item number 14 was an exception In that at the request of 
the 'participating teachers, student responses by teacher were 
tabulated. The low mean response was consistent for all sections 
of both ISCS and non-lSCS classrooms. 

A number of compromises were made in an attempt to gather data 
from as large a population as possible. Recogrilzing the limitations 
of such a study^ the authors made no attempt to generalize to other 
populations. The information was of value to participating school 
personnel making curriculum decisions. It is hoped that the additional 
information in this reply td the analysis will make the study of 
greater value to curriculum decision makers. 



67 



